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Description
Technical Field

[0001] The presentinvention relates to a user terminal, a radio base station and a radio communication method in the
next-generation mobile communication system.

Background Art

[0002] In the universal mobile telecommunications system (UMTS) network, the long term evolution (LTE) has been
selected as a specification for the purpose of achieving a higher data rate, lower delay, etc. (Non-patent Literature 1).
Further, a succeeding system of LTE, which is called "LTE advanced" (also called LTE-A) has been discussed for the
purpose of broadening the band and enhancing the speed further from those of LTE and selected as specifications of
LTE Rel. 10 to 12.

[0003] One of the broadband technologies of LTE Rel.10 to 12 is carrier aggregation (CA). With CA, a plurality of
fundamental frequency blocks can be integrated as one to be used for communications. A fundamental frequency block
in CA is called a component carrier (CC) and is equivalent to the system band of LTE Rel.8.

[0004] InLTE, a userterminal (UE) feeds back a power headroom report (PHR) including information about the uplink
power headroom (PH) for each serving cell to a device of a network side (for example, radio base station (eNB)). A radio
base station can dynamically control the uplink transmit power of a user terminal based on PHR.

Citation List
Non-patent literature

[0005] Non-patent literature 1: 3GPP TS 36.300 "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved
Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2"

Summary of Invention
Technical Problem

[0006] In CA in the succeeding system (LTE Rel.10 to 12) of LTE, the maximum number of CCs settable per user
terminal is limited to five. On the other hand, in a further succeeding system of LTE, namely, LTE Rel. 13 or later, the
delimitation of the number of CCs settable to a user terminal to six or more (over five CCs) is discussed to achieve more
flexible and high-speed radio communications. Here, a carrier aggregation with six or more settable CCs may be called,
for example, extended CA.

[0007] However, when the number of CC settable to a user terminal is extended to six or more (for example, 32), it is
difficult to apply the method of using PHR of the existing system (Rel. 10 to 12) as it is. For example, in the existing
system, it is presumed to use CA of five CCs or less, and therefore if a CA of six CCs or more is applied, there may be
cases where the information about PH for each CC cannot be notified to the radio base station at an appropriate timing.
Undesirably, this may result in that the radio base station cannot appropriately control the uplink transmit power of the
user terminal.

[0008] The presentinvention has been proposed in consideration of the above-discussed point, and an object thereof
is to provide a user terminal, a radio base station and a radio-communication method which are able to carry out
communications properly even if the number of component carriers settable to a user terminal is extended from that of
the existing system.

Solution to Problem

[0009] Anaccording to one embodiment of the presentinvention, a user terminal using a plurality of component carriers
(CCs) for communication, comprises: a generator unit which generates a power headroom report (PHR) including in-
formation about a power headroom (PH) for each of CCs of a predetermined cell group among activated CCs; and a
transmission unit which transmits the generated PHR.

Advantageous Effects of Invention

[0010] According to the present invention, even if the number of component carriers settable to a user terminal is
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extended from that of the existing system, it is possible to carry out communications properly.
Brief Description of Drawings
[0011]

FIG. 1 is a diagram showing an example of Rel.13 CA.

FIG. 2 is a diagram showing an example of PUCCH CG mode.

FIG. 3 is a diagram showing an applicable range of sets of PHR timers and parameters in the first embodiment.
FIG. 4 is a diagram showing an example of PHR MAC CE in the first embodiment.

FIG. 5 is a diagram showing an applicable range of PHR timers and parameters in the second embodiment.

FIG. 6 is a diagram showing an example of PHR MAC CE in the second embodiment.

FIG. 7 is a diagram showing an example of the timing of a PHR trigger in the first embodiment.

FIG. 8 is a diagram showing an example of PHR transmitted at times t1 and t2 in FIG. 7.

FIG. 9 is a diagram showing an example of the relationship between the power headroom (PH) and PUCCH/PUSCH
transmit power.

FIG. 10 is a diagram showing an example of the timing of the PHR trigger in the second embodiment.

FIG. 11 is a diagram showing an example of PHR transmitted in FIG. 10B.

FIG. 12 is a diagram showing an example of the matching relationship between PHR CG and PUCCH CG.

FIG. 13 is a diagram showing another example of the matching relationship between PHR CG and PUCCH CG.
FIG. 14 is a conceptual diagram illustrating method 1.

FIG. 15 is a diagram showing an example of the configuration of PHR MAC CE transmitted in FIG. 14.

FIG. 16 is a diagram showing an example of a LCID value used for an uplink shared channel.

FIG. 17 is a conceptual diagram illustrating method 2.

FIG. 18 is a diagram showing an example of the configuration of PHR MAC CE transmitted in FIG. 17.

FIG. 19 is a diagram showing another example of method 2.

FIG. 20 is a diagram showing an example of the brief configuration of the radio communication system according
to an embodiment of the present invention.

FIG. 21 is a diagram showing an example of the entire configuration of the radio base station according to an
embodiment of the present invention.

FIG. 22 is a diagram showing an example of the functional configuration of the radio base station according to an
embodiment of the present invention.

FIG. 23 is a diagram showing an example of the entire configuration of the user terminal according to an embodiment
of the present invention.

FIG. 24 is a diagram showing an example of the functional configuration of the user terminal according to an
embodiment of the present invention.

Description of Embodiments

[0012] In CA of the succeeding system (LTE Rel. 10-12) of the conventional LTE, the number of CCs settable per
user terminal is limited to five at maximum. On the other hand, in LTE Rel.13 or later, which is a further succeeding
system of LTE, the number of CCs settable per user terminal is delimited, and an extended carrier aggregation (also
called CA enhancement, enhanced CA, Rel.13 CA, etc.) which sets six or more CCs (cells) is being discussed.

[0013] FIG. 1 is a diagram showing an example of Rel. 13 CA. As shown in FIG. 1, in Rel. 13 CA, it is assumed that
a maximum of 32 CCs, for example, are bundled. Since it is inefficient from a viewpoint of communication overhead or
controllability to transmit uplink control information (UCI) regarding such a number of CCs only by PUCCH of PCell,
supporting of the PUCCH cell group (PUCCH CGQG) is discussed in Rel.13 CA.

[0014] One PUCCH cellis set for each PUCCH CG. For example, a PUCCH cell (PUCCH setting cell) may be a PCell,
or an SCell (PUCCH-SCell) set to be PUCCH-transmittable. In the case of FIG. 1, four PUCCH CGs each comprising
eight cells are set up, and SCell 8, SCell 24, etc. are set as PUCCH ScCells.

[0015] Itis not necessarily required to set two or more PUCCH CGs. In Rel. 13CA, it is discussed to support the mode
in which a plurality of PUCCH cells are set (Multiple PUCCH CGs) and the mode in which PUCCH is transmitted only
in a single cell (PCell) (Single PUCCH CGQG).

[0016] FIG. 2 is a diagram showing an example of the PUCCH CG mode. FIG. 2A shows an example in which a user
terminal transmits an uplink signal to eNB using a plurality of cells. Further, FIG. 2B and 2C each show an example of
the PUCCH CG mode corresponding to the example of FIG. 2A. For example, a plurality of PUCCH CGs may be set
(FIG. 2B) or one PUCCH CG may be set (FIG. 2C).

[0017] In LTE, a user terminal feeds back power headroom report (PHR) including information about PH (PH infor-
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mation) for each serving cell to the radio base station. PHR comprises a PHR MAC control element (CE) contained in
a medium access control protocol data unit (MAC PDU). PHR is transmitted by MAC signaling using a physical uplink
shared channel (PUSCH). The radio base station can dynamically control the transmitted power from the user terminal
based on the received PHR.

[0018] At present, two types of PHs (Type 1 PH and Type 2 PH) are specified. Type 1 PH is for the case where only
PUSCH is considered, whereas Type 2 PH is for the case where both PUSCH and PUCCH are considered. Note that
PH information may be a value of PH or an index related associated with the value (or level) of PH.

[0019] The radio base station transmits the PHR setting information about PHR transmission conditions to the user
terminal. For example, RRC signaling is used for this notification. The user terminal determines the timing for transmitting
PHR based on the notified PHR setting information. That is, when the PHR transmitting conditions are satisfied, PHR
is triggered.

[0020] Here, as the PHR setting information, for example, two timers (periodicPHR-Timer and prohibitPHR-Timer)
and a predetermined threshold (dI-PathlossChange) can be used. For example, when the prohibitPHR-Timer expires
and the downlink path loss value changes from that at the time of the previous PHR transmission by dl-Pathloss Change
or more, the PHR is triggered. Moreover, when the periodicPHR-Timer expires, the PHR is triggered. It is possible to
specify other conditions to trigger PHR, but such explanation will be omitted. The PHR setting information may be called
a PHR timer or a parameter set.

[0021] However, the existing system (Rel.10-12) is premised on CA including 5 CCs or less, and it is not defined how
PHR is transmitted if CA including 6 or more CCs is applied. Therefore, there may be such cases where PH information
of all the CCs cannot be notified to the radio base station.

[0022] Moreover, inthe CA ofthe existing system, only one CC can transmit PUCCH, and therefore a PHR configuration
for the case where PUCCH can be transmitted by 2 CCs or more has not been determined. For this reason, the radio
base station may not be able to appropriately grasp PH for a certain predetermined PUCCH cell.

[0023] As described above, when applying CA including 6 CC or more, PHR cannot be appropriately reported, which
may result in that the radio base station becomes unable to appropriately control the uplink transmit power of each CC
of the user terminal. Thus, the uplink throughput is lowered and the communication quality is degraded, which may
cause deterioration in the efficiency of extended CA.

[0024] Under these circumstances, the authors of the present invention devised to introduce a new PHR configuration
different from that of the existing system so as to enable an uplink transmission power control provided for six or more
CCs (for example, 32 CCs) in LTE Rel. 13 or later, which resulted in the present invention.

[0025] Hereafter, embodiments of the present invention will be described. The following embodiments describe ex-
amples where nine or more CCs, which cannot be supported by the conventional PHR (PHR MAC CE), are asset by
the user terminal, but application of the present invention is not limited to these. For example, even when eight or less,
or five or less CCs are set, the PHR described in each embodiment can be adopted.

(First Embodiment: CA-based PHR)

[0026] The first embodiment of the present invention uses a PHR extended further than that used by the conventional
CA.

[0027] FIG. 3is adiagram showing the range of application of a PHR timer and a parameter set in the first embodiment.
As shown in FIG. 3, according to the first embodiment, all PUCCH CGs (that is, all CCs) are managed by one timer and
one parameter set. In other words, if PHR is triggered in any of the CCs, PHR, which contain the PH information of all
the activated (active) CCs, are transmitted.

[0028] FIG. 4 is a diagram showing an example of PHR MAC CE in the first embodiment. The configuration shown in
FIG. 4 is able to contain PH information of a maximum of 32 cells, unlike the PHR used in the CA of the existing system
(That is, Extended PHR MAC CE). Type 2 PH information is included for PUCCH cells (PCell and PUCCH ScCell).
[0029] As shown in FIG. 4, in the CA-based case, PHR is configured to contain Type 2 PH information and Type 1
PH information in the ascending order of the cells. Note that only Type 1 PH information is included for CCs to which
Type 2 PH information need not to be notified (SCells to which PUCCH is not set).

[0030] Thus, according to the first embodiment, even if a CA including six CCs or more is applied, PHR including the
PH information of all the CCs can be notified to the radio base station.

(Second Embodiment: DC-based PHR)

[0031] Thesecondembodimentofthe presentinvention uses a PHR extended further than that used by the conventional
DC.

[0032] FIG. 5isadiagram showing the range of application of the PHR timer and parameter in the second embodiment.
As shown in FIG. 5, according to the second embodiment, the PUCCH CGs are managed by separate timers and
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parameters, respectively. Moreover, if PHR is triggered in any of the CCs, PHR, which contain the PH information of all
the activated (active) CCs, are transmitted.

[0033] FIG. 6is a diagram showing an example of PHR MAC CE in the second embodiment. The configuration shown
in FIG. 6 is able to contain PH information of a maximum of 32 cells unlike the PHR used by DC of the existing system,
(Dual Connectivity PHR MAC CE). Type 2 PH information is included for PUCCH cells (PCell and PUCCH ScCell).
[0034] As shown in FIG. 6, in the DC-based case, PHR is configured to contain, first, Type 2 PH information in the
ascending order of the PUCCH cell, and then Type 1 PH information in the ascending order of the cells. Note that only
Type 1 PH information is included for CCs to which Type 2 PH information need not to be notified (SCells to which
PUCCH is not set).

[0035] Thus, according to the second embodiment, even if CA including six CCs or more is applied, PHR, including
the PH information of all the CCs, can be notified to the radio base station.

[0036] The examples discussed in the first and second embodiment are only examples, and the order, the number,
etc of data in the array are not limited to these. For example, the number of cells for including information is not limited
to a maximum of 32 cells. Moreover, it may be configured not to contain Type 2 PH information for PUCCH SCell, to
reduce the amount of information.

[0037] Moreover, for the PHR MAC CE in the first and second embodiment, the logical channel ID (LCID), which is
not used in the existing system (Rel.10-12), may be used. That is, the MAC PDU may be configured to contain a
predetermined LCID in the MAC header, so as to indicate that the MAC PDU contains MAC CE equivalent to the PHR
in the first or second embodiment.

(Third embodiment: PHR in units of PHR CG)

[0038] The third embodiment of the present invention uses PHRs generated in units of PHR CG (PHR cell group)
obtained by grouping the CCs based on a predetermined rule.

[0039] Before explaining the third embodiment, the discussions and ideas made by the inventors to devise the em-
bodiment will be outlined.

[0040] According to the first and second embodiments described above, PHR supporting the extended CA can be
adopted while utilizing the PHR of the existing system as a base, and therefore such advantageous effects can be
obtained that the implementation cost is low and the shifting is easily. On the other hand, when managing by one set of
a PHR timer and a parameter as in the first embodiment, it is not possible to set different PH report cycles or PH report
conditions from one CC (or CG) to another. For example, it is not possible to carry out such control of transmitting PHR
by a small path loss change for PUCCH CG1, whereas transmitting PHR by a large path loss change for PUCCH CG2.
[0041] Moreover, the first and second embodiments are premised on that PH information of all the active CCs are
transmitted when the PH report is triggered in any of the CCs, but in place, they entail such a drawback of a large
overhead. Here, the overhead can be reduced by cutting the Type 2 PH information of PUCCH SCell. However, when
the Type 2 PH information are not contained in PHR, it is not possible for a radio base station to correctly grasp the
electric power of PUCCH SCell.

[0042] These drawbacks will be discussed in detail. FIG. 7 is a diagram showing an example of the timings of the PHR
trigger in the first embodiment. In this example, let us suppose that the configuration of the extended CA is the same as
that of FIG. 3. Moreover, let us suppose such a case where relatively fine TPC (Transmit Power Control) which reports
PHR when 1 dB of downlink path loss change occurs (dI-PathlossChange = 1dB) is preferable for PUCCH CG2, whereas
relatively rough TPC which reports PHR when 3 dB of a path loss change occurs (dI-PathlossChange = 3dB) is preferable
for PUCCH CG3.

[0043] According to the first embodiment, only one PHR parameter set can be used, and therefore with a parameter
setfor PUCCH CG3, the power of PUCCH CG2 cannot be controlled appropriately. On the other hand, with a parameter
set for PUCCH CGZ2, the PHR trigger by PUCCH CG3 increases, thereby undesirably increasing unnecessary commu-
nications.

[0044] The overhead will be described using an example case where a parameter set for PUCCH CG2 is used. In
FIG. 7, PHR is triggered by path loss change of CG2 at times t1 and t2, and also PHR is triggered by path loss change
of CG3 at time t3.

[0045] FIG. 8 is a diagram showing an example of PHRs transmitted at the times t1 and t2 in FIG. 7. Between these
times, only CG which changed PSD (transmission power density) is PUCCH CG2. Therefore, PH information other than
the PUCCH CG2 are redundant since the same (or substantially the same) contents are notified by the PHRs.

[0046] Next, reduction of the Type 2 PH information of PUCCH SCell in the first embodiment will be discussed. FIG.
9 is adiagram showing examples of the relationship between power head (PH) and PUCCH/PUSCH transmission power.
FIGS. 9A and 9B each relate to a PCell. The electric powers are as follows:
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(Power used for PUSCH) = PcMAX,c2 - PHI;

and

(Power used for PUCCH) = PcmaXx,cl - PH2 - (PcMmAX,c2 - PHI).

Here, PH1 is Type 1 PH and PH2 is Type 2 PH.

[0047] FIG. 9C shows a PUCCH SCell. The power used for PUSCH can be obtained by Pcyax cm - PH1. On the other
hand, when the information about Type 2 PH cannot be used, radio base stations cannot specify the power used for
PUCCH of PUCCH SCell. Therefore, it is not preferable to reduce the information about Type 2 PH in order to decrease
the overhead.

[0048] In the second embodiment, the timers and parameter sets can be set for each CG, and therefore it is possible
to set, a trigger, a change in PH report cycle for each CG or a different path loss change. FIG. 10 is a diagram showing
an example of the timings of the PHR trigger in the second embodiment. FIG. 10A shows sets of PHR timers and
parameters of each PUCCH CG. The sets of PHR timers and parameters are independently set for the CGs, respectively.
[0049] FIG. 10B is a diagram showing an example of the timings of the PHR triggers controlled according to the sets
of PHR timers and parameters shown in FIG. 10A. Here, an assumption case where the timers of both CGs start at a
time 0 ms will be described. At t = 10 ms, prohibitPHR-Timer of CG1 expires and the path loss value changes dI-
PathlossChange or more, and therefore PHR of CG1 is transmitted. Meanwhile, at t = 20 ms, prohibitPHR-Timer of CG2
expires and the path loss value changes dI-PathlossChange or more, PHR of CG2 is transmitted. Note that if PHR is
transmitted from a CG, the timer of the CG is restarted.

[0050] FIG. 11is adiagram showing examples of the PHRs transmitted in FIG. 10B. Specifically, FIG. 11Ais a diagram
showing an example of PHRs transmitted at t= 10 ms and 70 ms in FIG. 10B. FIG. 11B is a diagram showing an example
of PHRs transmitted at t = 20 ms and 90 ms in FIG. 10B.

[0051] Asto PHR of CG1 shownin FIG. 11A, only CG which changed PSD is PUCCH CG1. Therefore, PH information
other than PUCCH CG1 have not changed. Meanwhile, as to PHR of CG2 shown in FIG. 11B, only CG which changed
PSD is PUCCH CG2. Therefore, PH information other than PUCCH CG2 have not changed.

[0052] Thus, even if the set of PHR timers and parameters are set for each respective CG, PH information of other
CGs are inevitably contained in PHRs, thereby creating an unnecessary overhead.

[0053] Moreover, in FIG. 10B, both of the two CGs fulfill the PHR transmission conditions att = 70 ms and t = 90 ms,
and therefore two PHRs are transmitted. However, the PHRs transmitted by these CGs are of the completely same
contents. Therefore, the information contained in one of the PHRs are entirely an overhead.

[0054] Moreover, even in the second embodiment, the power used for PUCCH cannot be specified without Type 2
PH information as illustrated in FIG. 9, it is not easy to reduce the overhead.

[0055] The inventors examined the above-described drawbacks and as a result, they devised an idea of grouping of
CCs based on a predetermined rule. Moreover, they devised to include in PHR only PH information of CCs belonging
to a predetermined group rather than including PH information of all active CCs. Based on these concepts, the inventors
devised the third embodiment of the present invention. According to the structure of the third embodiment of the present
invention, the sets of PHR timers and parameters can be independently assigned to each respective group, and also
the overhead of PHR can be significantly reduced.

[0056] Hereafter, the third embodiment of the present invention will be described.

<Configuration of PHR CG>

[0057] Inthe third embodiment, a PHR cell group (PHR CG) is configured to a user terminal. The PHR CG is configured
to contain one or more CC. The user terminal controls the transmission timing of PHR for each PHR CG using different
PHR timers and parameters for one CG to another.

[0058] The PHR CG may be configured based on the existing CG or some other special CG, or the like. For example,
The PHR CG may be configured based on PUCCH CG or TAG (Timing Advance Group).

[0059] The user terminal is configured to contain, in a predetermined MAC CE, only the information of PH of active
cells belonging to a specific PHR CG. Further, not only Type 1 PH information but also Type 2PH information for PUCCH
cells (PCell and PUCCH SCell) is included.

[0060] With reference to FIGS. 12 and 13, assumable matching relationships between PHR CGs and other types of
CG will be described. Here, PUCCH CG will be listed as an example as the other type of CG, but it is not limited to this.
Further, the user terminal is set for CA of 32 CCs, but it is not limited to this.
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[0061] FIG. 12 is a diagram showing examples of the matching relationships between PHR CGs and PUCCH CGs.
FIG. 12A shows an example in which a single PUCCH CG is assigned to the user terminal. In this example, CCs contained
in a PUCCH CG are distributed to 4 PHR CGs in configuration units of 8 CCs. FIG. 12B shows an example in which a
plurality of PUCCH CGs are assigned to the user terminal. In the example, one PUCCH CG corresponds to one PHR CG.
[0062] FIG. 13 is a diagram showing other examples of the matching relationships between PHR CGs and PUCCH
CGs. FIG. 13A shows an example in which there are more PHR CGs in number than PUCCH CGs. In the example, a
plurality of PHR CGs correspond to one PUCCH CG. FIG. 13B shows an example in which there are less PHR CGs in
number than PUCCH CGs. In the example, one PHR CG corresponds to a plurality of PUCCH CGs.

[0063] AsshowninFIGS. 12 and 13, the PHR CG can be flexibly configured. Therefore, it is possible to set PHR CGs
appropriately according to the combination of CCs to which the same PHR timers and parameters should be applied.
[0064] In addition, the information about the configuration of PHR CG may be notified to the user terminal by, for
example, a downlink control signal (DCI), upper layer signaling (such as RRC signaling), broadcast information, or a
combination of any of these. For example, the setting information of the matching relationship between PHR CG and
PUCCH CG may be notified, or the information of CCs which constitute PHR CG may be notified. The information about
the configuration of PHR CG may be transmitted together with the PHR setting information, or contained in the PHR
setting information to be transmitted. Moreover, the information about the configuration of PHR CG may be setin advance.

<PHR transmitting method>

[0065] In the third embodiment, two PHR transmitting methods will be described. By method 1, PHR of PHR CGn (n
is a natural number, for example) is transmitted by one of activated CCs contained in the PHR CGn. In method 2, PHR
of PHR CGn (n is a natural number, for example) is transmitted in arbitrary activated cells regardless of PHR CG.
[0066] In other words, with method 1, PHR MAC CE regarding a predetermined CG can be transmitted by a cell
belonging to the predetermined CG. Further, by method 2, PHR MAC CE regarding a predetermined CG can be trans-
mitted by a CC belonging to the same CG as the CG and/or a CC belonging to a different CG. These PHR MAC CEs
can contain more information as compared to the conventional PHR MAC CE (Extended PHR MAC CE, Dual Connectivity
PHR MAC CE, or the like).

[0067] FIG. 14 is an explanatory diagram illustrating the concept of method 1. In FIG. 14, the user terminal is set for
CA of 32 CCs, and PHR CG1 comprises PCell and SCells 1 to 15, whereas PHR CG2 comprises SCells 16 to 31.
[0068] In this example, PUSCHs are assigned to SCell 15 and SCell 16, respectively and PHRs of PHR CG1 and
CG2 are transmitted by these PUSCHSs. Note that here PHR CG1 and CG2 correspond to PUCCH CG1 and CG2,
respectively, but the configuration is not limited to this.

[0069] FIG. 15 is a diagram showing an example of the configuration of PHR MAC CE transmitted in FIG. 14. In FIG.
14, each PHR CG comprises 16 CCs. Therefore, as shown in FIG. 15A, PHR MAC CE of PHR CG1 is configured to
contain PH information of 16 CCs contained in PHR CGH1. Further, as shown in FIG. 15B, PHR MAC CE of PHR CG2
is configured to contain PH information of 16 CCs contained in PHR CG2.

[0070] With the above-described configuration, transmission of redundant PH information can be reduced. For exam-
ple, in the example shown in FIG. 10B, it suffices only if PHRMAC CE (FIG. 15A) of PHR CG1 is transmitted att = 10
ms, 70 ms and 90 ms, and PHR MAC CE (FIG. 15B) of PHR CG2 is transmit at t = 20 ms, 70 ms and 90 ms. At 70 ms
and 90 ms, PHRs are transmitted using the CGs, but these PHRs contain only the PH information of the CCs belonging
to each CG; therefore redundant information are not transmitted.

[0071] The PHRs of method 1 contains information to indicate that they are new PHRs different from the existing
PHRs. The new PHRs may be called PHR CG PHRs. Specifically, MAC PDU in method 1 contains, in its MAC header,
LCID not used by the existing system (Rel. 10-12).

[0072] FIG. 16 is a diagram showing an example of the LCID value used for an uplink shared channel. In FIG. 16,
LCID corresponding to an index "10111" indicates that MAC PDU including the LCID contain MAC CE equivalent to the
PHR CG PHR. In the existing system, LCID corresponding to an index "10111" is only reserved and not used.

[0073] Note that the configuration of the LCID indicating PHR CG PHR is not limited that show in FIG. 16, but, it may
be assigned to, for example, some other index.

[0074] In method 1, when a radio base station which received PHR detects LCID indicating PHR CG PHR, it judges
that the PHR contains PH information of the CG used for the PHR transmission. That is, the radio base station grasp
the CG to which the PHR corresponds according to the PHR CG to which UL serving cell used for the PHR transmission
belongs.

[0075] As stated above, by the method 1, the PH information of all active CCs are not contained in the PHR MAC CE,
but only the PH information of the CCs belonging to a PHR CG transmitting PHR are contained, thereby making it
possible to reduce the overhead appropriately. Note that in method 1, when all CCs contained in an arbitrary PHR CG
is inactive, it may be configured not to transmit PHR of the PHR CG regardless of the timer or the like. With this
configuration, such occasions that PHRs about CCs not used (inactive CCs) are transmitted unnecessarily can be
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suppressed, thereby making it possible to further reduce the overhead.

[0076] On the other hand, method 2 can be further divided into two roughly. One is a method (method 2-1) in which
MAC CE which can contain PHs of a plurality of CGs are contained in MAC PDU. The other is a method (method 2-2)
in which a plurality of MAC CE which can contain PH of one CG are contained in MAC PDU.

[0077] FIG. 17 is an explanatory diagram illustrating the concept of method 2. In FIG. 17, the user terminal is set for
CA of 32 CCs, and it is set that PHR CG1 comprises PCell and SCells 1 to 15 and PHR CG2 comprises SCells 16 to 31.
[0078] In this example, PUSCH is assigned only to SCell 15 and PHRs of PHR CG1 and CG2 are transmitted by the
PUSCH. Note that although PHR CG1 and CG2 correspond to PUCCH CG1 and 2, respectively, but the configuration
is not limited to this.

[0079] First, method 2-1 will be described. PHR MAC CE of method 2-1 contains a field for specifying to which PHR
CG the information contained in the PHR MAC CE corresponds. FIG. 18 is a diagram showing an example of the
configuration of the PHR MAC CE transmitted in FIG. 17.

[0080] Inthe PHR MAC CE of method 2-1, a field "CGi", which is not present in the existing PHR MAC CE, is added.
The field "CGi" is used to indicate whether or not the MAC CE contains the data of a predetermined PHR CG (PHR
CG;). For example, CG; being 1’ may indicate that the PH information of PHR CG,; is contained, or CG; being '0’ may
indicate that the PH information of PHR CG; is not contained.

[0081] FIG. 18A shows an example of the information contained in PHR MAC CE for PHR CG;. In the structure of
FIG. 18A, the user terminal is set to, for example, CG, = 1 and CG, = CG3 = CG, = 0. In this manner, the radio base
station which received the MAC CE can recognize that the MAC CE contains the information about CG;.

[0082] FIG. 18B show an example of the information contained in PHR MAC CE for PHR CG.. In the structure of FIG.
18B, the user terminal is set to, for example, CG, =1 and CG; = CG3; = CG, = 0. In this manner, the radio base station
which received the MAC CE can recognize that the MAC CE contains the information about CG.,.

[0083] FIG. 18 shows four fields of CG1 to CG4 as CGi, but the number of CGi(s) contained the MAC CE (that is, the
maximum number of PHR CGs to be set) is not limited to this. For example, the maximum number of PHR CGs may
be, for example, 4, 8, 16 or 32.

[0084] The PHRs of method 2 contains information to indicate that they are new PHRs different from the existing
PHRs. Specifically, MAC PDU in method 2 contains, in its MAC header, LCID not used by the existing system (Rel.
10-12). The LCID may be the same as or different from the new LCID discussed for method 1 above.

[0085] In method 2-1, when a radio base station which received PHR detects LCID indicating PHR CG PHR, for
example, it judges that the PHR contains PH information of a plurality of CGs. Then, based on the CGi field of the MAC
CE, the radio base station recognizes the PH information of which CG is contained in the MAC CE, and acquires the
PH information of the CG recognized.

[0086] Next, method 2-2 will be described. Method 2-2 can adopt the same configuration of PHR MACCE as that of
method 1 (MAC CE not including a field for specifying to which PHR CG the information contained in the MAC CE
corresponds). In this case, in order to distinguish PHR MAC CEs regarding a plurality of PHR CGs, different LCIDs are
set to the PHR CGs, respectively.

[0087] FIG. 19 is a diagram showing another example of the method 2. FIG. 19 illustrates an example in which the
maximum number of PHR CGs, m = 2, but the value of m is not limited to this. FIG. 19A is a diagram showing another
example of the LCID value used for an uplink shared channel.

[0088] In FIG. 19A, LCID corresponding to an index "10111" indicates that PHR MAC CE for PHR CG1 (for example,
PHR CG1 PHR MAC CE shown in FIG. 15A) is contained in the MAC PDU. Moreover, in FIG. 19A, LCID corresponding
to an index "10110" indicates that PHR MAC CE for PHR CG2 (for example, PHR CG2 PHR MAC CE shown in FIG.
15B) is contained in the MAC PDU.

[0089] Here, in the existing system, the LCID corresponding to an index "10111" or "10110" is only reserved, but not
used. Note that the configuration of the LCID indicating PHR CG PHR is not limited that show in FIG. 19A, but, it may
be assigned to, for example, some other index. Moreover, not only in method 2-2, but also in method 1, different LCIDs
may be set to the PHR CGs, respectively as shown in FIG. 19A.

[0090] FIG. 19B is a diagram showing an example of MAC PDU including PHR MAC CE in method 2-2. The MAC
PDU is configured to contain PHR MAC CEs of both PHR CG1 and CG2. Moreover, in order to indicate that MAC CEs
regarding the two CGs are contained, corresponding subheaders (LCID = 10111, 10110) are contained in the MAC
headers.

[0091] In method 2-2, when a radio base station which received PHR detects LCID indicating a predetermined PHR
CG PHR, it judges that the PHR contains the PH information of the corresponding CG. Then, the radio base station
acquires the PH information about the corresponding CG based on the MAC CE recognized.

[0092] As stated above, by method 2, PHR needs not to contain the PH information of all active CCs, but it suffices if
it contains only the PH information of CCs belonging to a predetermined PHR CG; therefore the overhead can be reduced
appropriately. Moreover, since the user terminal can transmit PHR of an arbitrary CG by using an arbitrary CC, traffic
control or the like between CCs, etc. can be performed more flexibly.
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[0093] In method 2-1, a new field indicating a CG is provided in MAC CE, and thus the PH information about a plurality
of CG can be contained therein. In method 2-2, a plurality of LCIDs are specified and therefore a plurality of PHR MAC
CEs corresponding to different CGs can be contained in the MAC PDU.

[0094] In method 2, when all the CCs contained in an arbitrary PHR CG are inactive, the PHR of the PHR CG may
not necessarily be transmitted regardless of the timers or the like. With this configuration, such occasions that PHRs of
CCs not used (inactive CCs) are transmitted unnecessarily can suppressed, thereby making it possible to further reduce
the overhead.

(Radio communication system)

[0095] Hereinafter, the structure of a radio communication system according to an embodiment of the present invention
will be described. In this radio communication system, the radio communication method according to each of the above-
described embodiment is applied. Note that the radio communication methods according to the above-described em-
bodiments may be applied independently or in combination.

[0096] FIG. 20 is a diagram showing an example of the schematic structure of the radio communication system
according to an embodiment of the present invention. In a radio communication system 1, carrier aggregation (CA)
and/or dual connectivity (DC) are applicable, in which a plurality of fundamental frequency blocks (component carriers),
one unit of each of which is a system bandwidth of a LTE system. (for example, 20 MHz), are integrated. The radio
communication system 1 may be called SUPER 3G, LTE-A (LTE-Advanced), IMT-Advanced, 4G and 5G, FRA (Future
Radio Access) or the like.

[0097] The radio communication system 1 shown in FIG. 20 comprises a radio base station 11 forming a macro-cell
C1, and radio base stations 12a to 12c each located in the macro-cell C1 and forming a small cell C2 narrower than the
macro-cell C1. Moreover, a user terminal 20 is placed in the macro-cell C1 and in each of the small cells C2.

[0098] The user terminal 20 is connectable with both sides of the radio base station 11 and the radio base stations
12. It is assumed here that the user terminal 20 uses the macro-cell C1 and the small cells C2, which adopt different
frequencies, simultaneously by CA or DC. Moreover, the user terminal 20 can apply CA or DC using a plurality of cells
(CCs) (for example, six or more CCs).

[0099] Between the user terminal 20 and the radio base station 11, a carrier with narrow bandwidth (referred to as the
existing carrier, Legacy carrier, etc.) is used in a relatively low frequency band (for example, 2 GHz) for communication.
On the other hand, between the user terminal 20 and the radio base stations 12, a carrier with wide bandwidth may be
used in a relatively high frequency band (for example, 3.5 GHz, 5 GHz, etc.), or the same carrier as that used for the
radio base station 11 may be used. Note that the configuration of the frequency bands adopted by the radio base stations
is not limited to this. Between the radio base station 11 and the radio base stations 12 (or between two radio base
stations 12), wired connection (for example, an optical fiber, X2 interface, etc. based on the common public radio interface
(CPRI)), or wireless connection may be established.

[0100] The radio base station 11 and the radio base stations 12 are each connected to a host device 30 and also to
a core network 40 through the host station device 30. The host station device 30 contains, for example, an access
gateway unit, a radio network controller (RNC), a mobility management entity (MME) and the like, but it is not limited to
this. Each of the radio base stations 12 may be connected to the host station device 30 through the radio base station 11.
[0101] The radio base station 11 is a station which handling relatively wide coverage, and may be called a macro base
station, an aggregation node, eNB (eNodeB), a transmission/receiving point, or the like. On the other hand, the radio
base stations 12 are each a station handling a local coverage, and may be called a small base station, a micro base
station, a pico base station, a femto base station, HeNB (Home eNodeB), RRH (Remote Radio Head), a transmission/re-
ceiving point, or the like. Hereafter, when the radio base stations 11 and 12 are not distinguished from each other, they
will be generally named as radio base stations 10.

[0102] The user terminals 20 are each a terminal supporting various communication modes such as LTE and LTE-A,
and they may contain not only mobile communication terminals but also fixed communication terminals.

[0103] In the radio communication system 1, the orthogonal frequency division multiple access (OFDMA) is applied
to the downlink, and the single career frequency division multiple access (SC-FDMA) is applied to the uplink as the radio
access mode. OFDMA is a multi-carrier transmission system which carries out communications by dividing a frequency
band into a plurality of narrow frequency bands (subcarriers) and mapping data in each of the subcarriers. SC-FDMA
is a single carrier transmission system which reduces interference between terminals by dividing a system bandwidth
into bands comprising one or continuous resource blocks for each terminal for a plurality of terminals to be able to use
differentbands among each other. Note that the uplink and downlink radio access modes are not limited to the combination
of these.

[0104] The radio communication system 1 uses, as the downlink channel, the physical downlink shared channel
(PDSCH) shared by the user terminals 20, physical broadcast channel (PBCH:), downlink L1/L2 control channel and
the like. User data, upper layer control information, system information block (SIB), etc. are transmitted by PDSCH.
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Further, the master information block (MIB) is transmitted by PBCH.

[0105] Thedownlink L1/L2 control channel contains Physical Downlink Control Channel (PDCCH), Enhanced Physical
Downlink Control Channel (EPDCCH), Physical Control Format Indicator Channel (PCFICH), Physical Hybrid-ARQ
Indicator Channel (PHICH), etc. The downlink control information (DCI) including the scheduling information of PDSCH
and PUSCH are transmitted by PDCCH. The number of OFDM symbols used for PDCCH is transmitted by PCFICH.
The acknowledgement signal (ACK/NACK) for the delivery of HARQ to PUSCH is transmitted by PHICH. The EPDCCH
is subjected to frequency division multiplexing along with PDSCH (downlink shared data channel), and used for trans-
mission of DCI or the like, as in the case of PDCCH.

[0106] The radio communication system 1 uses, as the uplink channel, an uplink shared channel (Physical Uplink
Shared Channel: PUSCH) shared by the user terminals 20, an uplink control channel (Physical uplink control channel:
PUCCH), a random access channel (Physical Random Access Channel: PRACH), etc. The user data and upper layer
control information are transmitted by PUSCH. The downlink wireless quality information (Channel Quality Indicator:CQl),
an acknowledgment signal, etc. are transmitted by PUCCH. The random access preamble for establishing connection
with a cell is transmitted by PRACH.

<Radio base stations>

[0107] FIG. 21 is a diagram showing an example of the entire configuration of a radio base station according to an
embodiment of the present invention. A radio base station 10 comprises a plurality of transmission/receiving antennas
101, amplifier units 102, transmitter-receiver units 103, a baseband signal processing unit 104, a call processing unit
105 and a transmission channel interface 106. Note that as to the transmission/receiving antenna 101, amplifier unit
102 and transmitter-receiver unit 103, it suffices if the station is configured to include one or more of each.

[0108] The user data transmitted from the radio base station 10 to the user terminal 20 by the downlink is input from
the host station device 30 to the baseband signal processing unit 104 through the transmission channel interface 106.
[0109] In the baseband signal processing unit 104, the user data is subjected to transmission processings such as
processing of PDCP (Packet Data Convergence Protocol) layer, division and coupling of user data, transmission of RLC
(Radio Link Control) layers such as retransmission control of MAC (Medium Access Control) (for example, transmission
of HARQ (Hybrid Automatic Repeat reQuest)), scheduling, transmission format selection, channel coding, Inverse Fast
Fourier Transform (IFFT) processing, pre-coding, and then transmitted to the transmitter-receiver unit 103. Further, the
downlink control signal is subjected to transmission processing such as channel coding and Inverse Fast Fourier Trans-
form and then transmitted to the transmitter-receiver unit 103.

[0110] The transmitter-receiver unit 103 converts the baseband signal pre-coded for each antenna and outputted from
the baseband signal processing unit 104 into a radio frequency band, to be transmitted. The radio frequency signal
subjected to frequency conversion in the transmitter-receiver unit 103 is amplified by the amplifier unit 102, and transmitted
fromthe transmitter-receiver antennas 101. The transmitter-receiver units 103 may be formed from transmitters/receivers,
transmission-receiving circuits, or transmission-receiving equipment which can be described based on the common
knowledge in the technical field of the present invention. The transmitter-receiver units 103 each may be configured as
one unit of transmitter-receiver, or to contain a transmitter and receiver.

[0111] On the other hand, as to the uplink signal, the radio frequency signal received with the transmitter-receiver
antenna 101 is amplified by the amplifier unit 102. The transmitter-receiver unit 103 receives the uplink signal amplified
by the amplifier unit 102. The transmitter-receiver unit 103 subjects the received signal to frequency conversion into a
baseband signal and outputs it to the baseband signal processing unit 104.

[0112] In the baseband signal processing unit 104, the user data contained in the input uplink signal is subjected to
Fast Fourier Transform (FFT) processing, Inverse Discrete Fourier Transform (IDFT) processing, error correction de-
coding, reception processing of MAC retransmission control, and reception processing of an RLC layer and a PDCP
layer, and transmitted to the host station device 30 through the transmission channel interface 106. The call processing
unit 105 performs call processings such as setting and releasing of a communication channel, management of the status
of the radio base station 10 and management of a radio resource.

[0113] The transmitter-receiver unit 103 transmits a downlink signal including the uplink transmission power control
information produced by a transmission signal generator unit 302, PHR setting information, etc. to the user terminal 20.
[0114] The transmission channel interface 106 transmits/receives signals with the host station device 30 through a
predetermined interface. The transmission channel interface 106 may transmit/receive signals (backhaul signaling) with
an adjacent radio base station 10 via a base station interface (for example, an optical fiber or X2 interface conforming
with Common Public Radio Interface (CPRI)).

[0115] FIG. 22 is a diagram showing an example of the functional configuration of the radio base station according to
this embodiment. Note that FIG. 22 mainly shows only the functional block of the characterizing features of this embod-
iment and it is assumed that the radio base station 10 naturally contains other functional blocks necessary for radio
communications. As shown in FIG. 22, the baseband signal processing unit 104 comprises a controller (scheduler) 301,
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a transmission signal generator unit 302, a mapping unit 303, a reception signal processing unit 304 and a measurement
unit 305.

[0116] The controller (scheduler) 301 controls the entire radio base station 10. The controller 301 can be formed from
any controller, control circuit or control unit which can be described based on the common knowledge in the technical
field of the present invention.

[0117] The controller 301 controls, for example, the generation of signals by the transmission signal generator unit
302, and the assignment of signals by the mapping unit 303. Further, the controller 301 controls the reception processing
of signals by the reception signal processing unit 304 and the measurement of signals by the measurement unit 305.
[0118] The controller 301 controls the scheduling (for example, resource assignment) of system information, downlink
signals transmitted by PDSCH and downlink control signals transmitted by PDCCH and/or EPDCCH. Further, it controls
the scheduling of reference signals such as synchronization signals, CRS (Cell-specific Reference Signal), CSI-RS
(Channel State Information Reference Signal) and DM-RS (Demodulation Reference Signal).

[0119] Moreover, the controller 301 controls the scheduling of uplink data signals transmitted by PUSCH, uplink control
signals transmitted by PUCCH and/or PUSCH (for example, a delivery acknowledgement signal (HARQ-ACK)), arandom
access preamble transmitted by PRACH and a uplink reference signal, and the like.

[0120] Furthermore, the controller 301 controls the transmission signal generator unit 302 and the mapping unit 303
to adjust the uplink transmit power of the user terminal 20 linked to the radio base station 10. More specifically, based
on the PHR and channel state information (CSI) reported from the user terminal 20, the error rate of uplink data, a HARQ
retransmission count, etc., the controller 301 gives an instruction to the transmission signal generator unit 302 to produce
downlink control information (DCI) including a transmission power control (TPC) command, and controls the mapping
unit 303 to notify the DCI to the user terminal 20.

[0121] Here, the controller 301 acquires the PH of each active CC used by the user terminal 20 based on the PHR
input from the reception signal processing unit 304. For the PHR, a type extended further from PHR used by the
conventional CA (the first embodiment), a PHR extended further from PHR used by the conventional DC (the second
embodiment), a type which can be changed as to whether PH information are contained in unit of PHR CG (the third
embodiment), or the like may be used.

[0122] Moreover, the controller 301 computes (estimation) the power headroom for each CC based on the PHR notified
from the user terminal 20. Then, the scheduling and transmission power control may be performed in consideration of
the power headroom.

[0123] In addition, the controller 301 may control the transmission signal generator unit 302 and the mapping unit 303
to produce the information (PHR setting information) for setting the sets of the PHR timers and parameters, to be
transmitted to the user terminal 20. The information may be information indicating that, for example, one set of a timer
and parameter is assigned to all the CGs (all the CCs) (the first embodiment) or information indicating that different sets
of timers and parameters are assigned to CGs, respectively (the second and third embodiments).

[0124] Based on the direction from the controller 301, the transmission signal generator unit 302 generates downlink
signals (downlink control signal, downlink data signal, downlink reference signal etc.) and outputs them to the mapping
unit 303. The transmission signal generator unit 302 can be formed from a signal generating device, signal generation
circuit or signal generation device which can be described based on the common knowledge in the technical field of the
present invention.

[0125] The transmission signal generator unit 302 generates downlink DL assignment notifying the assignment infor-
mation of downlink signals and an UL grant notifying the assignment information of uplink signals based on, for example,
the instruction from the controller 301. Further, the downlink signals are subjected to coding and modulation processing
according to the coding rate, the modulation mode, etc. determined based on the channel state information (CSl) from
each user terminal 20, etc.

[0126] Further, the transmission signal generator unit 302 generates a downlink signal including the information for
controlling the uplink transmit power of the user terminal 20, PHR setting information, etc., as mentioned above.
[0127] The mapping unit 303 maps the downlink signal generated in the transmission signal generator unit 302 in
predetermined radio resources based on the instruction from the controller 301, and outputs it to the transmitter-receiver
unit 103. The mapping unit 303 can be formed from any mapper, mapping circuit or wafer scanner which can be described
based on the common knowledge in the technical field of the present invention.

[0128] The reception signal processing unit 304 performs reception processings (for example, demapping, demodu-
lation, decoding, etc.) to the reception signal input from the transmitter-receiver unit 103. Here, the reception signals
are, for example, uplink signals transmitted from the user terminal 20 (uplink control signal, uplink data signal, uplink
reference signal, etc.). The reception signal processing unit 304 can be formed from a signal processor, signal processing
circuit or signal processing device which can be described based on the common knowledge in the technical field of the
present invention.

[0129] The reception signal processing unit 304 outputs information decoded by the reception processing to the
controller 301. Further, the reception signal processing unit 304 outputs the reception signals and signals after the
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reception processing to the measurement unit 305.

[0130] The measurement unit 305 measures the received signals. The measurement unit 305 can be formed from
any measuring instrument, measurement circuit or measuring device which can be described based on the common
knowledge in the technical field of the present invention.

[0131] The measurement unit 305 may measure, for example, the received power of the signal received (such as
Reference Signal Received Power (RSRP)), the reception quality (such as Reference Signal Received Quality (RSRQ)),
the channel state, etc. Measurement results may be outputted to the controller 301.

<User terminal>

[0132] FIG. 23 is a diagram showing an example of the entire configuration of the user terminal to according to this
embodiment. The user terminal 20 comprises a plurality of transmission/receiving antennas 201, amplifier units 202,
transmitter-receiver units 203, a baseband signal processing unit 204 and an application unit 205.

[0133] Note that as to the transmission/receiving antenna 201, amplifier unit 202 and transmitter-receiver unit 203, it
suffices if the station is configured to include one or more of each.

[0134] The radio frequency signal received with the transmitter-receiver antenna 201 is amplified in the amplifier unit
202. The transmitter-receiver unit 203 receives the downlink signal amplified in the amplifier unit 202. The transmitter-
receiver unit 203 subjects the reception signal to frequency conversion into a baseband signal, and outputs it to the
baseband signal processing unit 204. The transmitter-receiver unit 203 may be formed from a transmitter/receiver, a
transmitter-receiver circuit or transmitting/receiving equipment which can be described based on the common knowledge
in the technical field of the present invention. The transmitter-receiver units 103 each may be configured as one unit of
transmitter-receiver, or to include a transmitter and receiver.

[0135] The transmitter-receiver unit 203 receives a downlink signal including the information for controlling the uplink
transmit power ofthe user terminal 20, PHR setting information, etc. Further, it may be configured to receive the information
about the configuration of PHR CG (the third embodiment).

[0136] The baseband signal processing unit 204 performs reception processings such as FFT processing, error cor-
rection decoding and retransmission control to the input baseband signal. The downlink user data is transmitted to the
application unit 205. The application unit 205 performs processing of the layers higher than the physical layer or MAC
layer. Moreover, of the downlink data, the broadcast information is also transmitted to the application unit 205.

[0137] On the other hand, the user data of the uplink is input to the baseband signal processing unit 204 from the
application unit 205. In the baseband signal processing unit 204, the data is subjected to the transmitting processing of
retransmission control (for example, transmitting processing of HARQ), channel coding, precoding, the Discrete Fourier
Transform (DFT) processing, IFFT processing, etc., and then transmitted to the transmitter-receiver unit 203. The trans-
mitter-receiver unit 203 converts the baseband signal output from the baseband signal processing unit 204 into a radio
frequency band, to be transmitted. The radio frequency signal subjected to the frequency conversion in the transmitter-
receiver unit 203 is amplified by the amplifier unit 202 and transmitted from the transmitter-receiver antenna 201.
[0138] FIG. 24 is a diagram showing an example of the functional constitution of the user terminal to according to this
embodiment. FIG. 24 mainly shows only the functional block of the characterizing features of this embodiment and it is
assumed that the user terminal 20 naturally includes other functional blocks necessary for radio communications. As
shown in FIG. 24, the baseband signal processing unit 204 of the user terminal 20 comprises a controller 401, a trans-
mission signal generator unit402, a mapping unit403, areception signal processing unit404 and a measurement unit405.
[0139] The controller 401 controls the whole user terminal 20. The controller 401 can be formed from a controller,
control circuit or control unit which can be described based on the common knowledge in the technical field of the present
invention.

[0140] The controller 401 controls, for example, the generation of signals by the transmission signal generator unit
402, and the assignment of signals by the mapping unit 403. Further, the controller 401 controls the reception processing
of signals by the reception signal processing unit 404 and the measurement of signals by the measurement unit 405.
[0141] The controller 401 acquires the downlink control signal transmitted from a radio base station 10 (signal trans-
mitted by PDCCH/EPDCCH) and the downlink data signal (signal transmitted by PDSCH) from the reception signal
processing unit 404. The controller 401 controls the generation of uplink control signals (for example, delivery acknowl-
edgment signal (HARQ-ACK) etc.) or uplink data signals based on the result of judgment as to whether the retransmission
control of the downlink control signal or downlink data signal is required.

[0142] Furthermore, the controller 401 controls the uplink transmission power of the user terminal 20. More specifically,
the controller 401 controls the transmit power of each CC based on signaling (for example, TPC command) from the
radio base station 20. Moreover, the controller 401 computes the PH of each CC based on the maximum transmittable
power, PUCCH transmission power, PUSCH transmission power, etc. for each CC. PH thus computed is output to the
transmission signal generator unit 402 and is used for creation of PHR.

[0143] When the information (PHR setting information) for setting a set of PHR timer and parameter is input from the
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reception signal processing unit 404, the controller 401 sets the PHR timer and parameter to the measurement unit 405.
Further, when reported from the measurement unit 405 to trigger PHR regarding a predetermined CG (for example,
PUCCH CG, PHR CGQG), the controller 401 controls the transmission signal generator unit 402 and the mapping unit 403
to generate the corresponding PHR to be transmitted.

[0144] Based on the instruction from the controller 401, the transmission signal generator unit 402 generates uplink
signals (uplink control signal, uplink data signal, uplink reference signal, etc.) and outputs them to the mapping unit 403.
The transmission signal generator unit 402 can be formed from a signal generator, signal generating circuits or signal
generating device which can be described based on the common knowledge in the technical field of the presentinvention.
[0145] The transmission signal generator unit 402 generates the delivery acknowledgment signal (HARQ-ACK) and
the uplink control signal regarding the channel state information (CSl), for example, based on the instruction from the
controller401. Further, the transmission signal generator unit 402 generates an uplink data signal based on the instruction
from the controller 401. For example, when the downlink control signal notified from a radio base station 10 contains
the UL Grant, the transmission signal generator unit 402 is instructed by the controller 401 to generate the uplink data
signal.

[0146] The transmission signal generator unit 402 generates PHR MAC CE including the PH information about one
or a plurality of CGs based on the instruction from the controller 401 to form MAC PDU, and adds it to be contained in
a transmission signal, to be output to the mapping unit 403. Here, the transmission signal generator unit 402 may add
the information (for example, LCID) for specifying a CG related to PHR MAC CE to the MAC PDU. The transmission
signal generator unit 402 may be configured to determine which one to be used among the PHR of the embodiments
described and PHR of the existing system, according to the number of CCs assigned to the user terminal 20, and
generate the transmission signal including the determined PHR.

[0147] The mapping unit 403 maps the uplink signals generated in the transmission signal generator unit 402 in radio
resources based on the instruction from the controller 401, and outputs them to the transmitter-receiver unit 203. The
mapping unit 403 can be formed from any mapper, mapping circuit or wafer scanner which can be described based on
the common knowledge in the technical field of the present invention.

[0148] The reception signal processing unit 404 performs reception processings (for example, demapping , demodu-
lation, decoding, etc.) to the reception signals input from the transmitter-receiver unit 203. Here, the reception signals
are downlink signals (downlink control signal, downlink data signal, downlink reference signal, etc.) transmitted from the
radio base station 10, for example. The reception signal processing unit 404 can be formed form any signal processor,
signal processing circuit or signal processing device which can be described based on the common knowledge in the
technical field of the present invention. Moreover, the reception signal processing unit 404 can form a receiving unit
according to the present invention.

[0149] The reception signal processing unit 404 outputs the information decoded by the reception processing to the
controller401. Thereception signal processing unit 404 outputs, for example, notification information, system information,
RRC signaling, DCI, etc. to the controller 401. Further, the reception signal processing unit 404 outputs the reception
signals and signals after the reception processing to the measurement unit 405.

[0150] The measurement unit 405 measures the received signals. The measurement unit 405 can be formed from
any measuring instrument, measuring circuit or measuring device which can be described based on the common knowl-
edge in the technical field of the present invention.

[0151] The measurement unit 405 may be configured to measure, for example, the received power (such as RSRP),
reception quality (such as RSRQ), the channel state, etc. of a signal received. Measurement results may be output to
the controller 401.

[0152] The measurementunit405 can measure the downlink path loss of each CC. The measurement unit 405 includes
two PHR timers (periodicPHR-Timer and prohibitPHR-Timer). The measurement unit 405 is set up with the information
about the PHR timers and path loss from the controller 401. The measurement unit 405 notifies the controller 401 to
trigger the PHR of a predetermined CG based on the PHR timers and path loss.

[0153] Note that the block diagram used to explain the above embodiment shows the blocks in units of functions. The
functional blocks (structural units) are realized by an arbitrary combination of hardware and software. Further, how to
realize each functional block is not particularly limited. That is, each functional block may be realized by one physically
coupled device or two more physically separated devices connected by a cable or radio.

[0154] For example, part or all of each function of the radio base station 10 or the user terminal 20 may be realized
using hardware such as Application Specific Integrated Circuit (ASIC), Programmable Logic Device (PLD) or Field
Programmable Gate Array (FPGA). Further, the radio base station 10 or the user terminal 20 may be realized by a
computer device including a processor (Central Processing Unit: CPU), a communication interface for network connec-
tion, a memory, and a computer-readable storage medium holding a program. That is, the radio base stations, user
terminals, etc. according to an embodiment of the present invention each may function as a computer which execute
processing of the radio communication method according to the present invention.

[0155] Here, the processor, the memory, etc. are connected by a bus for data communications. Further, the computer-
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EP 3 280 195 A1

readable recording media are, for example, a flexible disk, a magneto-optical disc, a read-only memory (ROM), Erasable
Programmable ROM (EPROM), Compact Disc-ROM (CD-ROM), Random Access Memory (RAM) and a hard disk.
Furthermore, the program may be transmitted from a network through an electric telecommunication line. Moreover, the
radio base stations 10 and the user terminals 20 may include an input device such as an entry key and an output unit
such as a display.

[0156] The functional structures of the radio base stations 10 and the user terminal 20 may be realized by the above-
described hardware or a software module executed by the processor, or a combination of both. The processor drives
the operating system to control the entire user terminal. Further, the processor reads the program, software module and
the data from the storage medium to the memory, and executes various kinds of processings accordingly.

[0157] Here, it suffices if the program is a type makes a computer execute the operations described in each of the
above-provided embodiments. For example, the controller 401 of the user terminal 20 may be realized by a control
program stored in a memory to be operated by a processor, and the other functional blocks may be realized similarly.

[0158] In the above, the present invention is described in detail, but it is clear for a person skilled in the art that the
present invention is not limited to the embodiments described in this specification. For example, the embodiments
described above may be used solely or in combination. The present invention can be carried out with revisions and
modifications without departing from the spirit of the invention defined by the claims. The descriptions are intended to
cover only examples of the invention and are not meant to restrict the scope and spirit of the invention.

[0159] This application is based on JP 2015-071924 A filed on March 31, 2015, the entire contents of which are
incorporated herein by reference.

Claims
1. A user terminal communicating using a plurality of component carriers (CCs), comprising:

agenerator unit which generates a power headroom report (PHR) including information about a power headroom
(PH) for each of CCs of a predetermined cell group among activated CCs; and
a transmission unit which transmits the generated PHR.

2. The user terminal of Claim 1, wherein
the transmission unit transmits PHR regarding a predetermined cell group by the predetermined cell group.

3. The user terminal of Claim 1, wherein
the transmission unit transmits PHR regarding a predetermined cell group by a cell group different from the prede-
termined cell group.

4. The user terminal of Claim 2 or 3, wherein
the generator unit generates a PHR which contains, in a medium access control (MAC) header, a logical channel
ID (LCID) indicating that the PHR relates to the predetermined cell group.

5. The user terminal of Claim 4, wherein
the generator unit generates a PHR which contains, in a MAC control element (CE), a field indicating that the
information about the predetermined cell group is contained.

6. The user terminal of Claim 4, wherein
the LCID takes a different value from one corresponding cell group to another.

7. The user terminal of any one of Claims 1 to 6, wherein
the predetermined cell group is associated with a physical uplink control channel (PUCCH) cell group comprised of
one or more CCs including a CC to which PUCCH is set.

8. The user terminal of any one of Claims 1 to 7, further comprising:
a receiving unit which receives information about PHR transmission condition,
wherein

the transmission unit determines a timing for transmitting a PHR based on the condition set for each respective
cell group.
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EP 3 280 195 A1

9. Aradio base station that is able to communicate with a user terminal using a plurality of component carriers (CCs),
comprising:

a receiving unit which receives a power headroom report (PHR) including information about a power headroom
(PH) for each of CCs which form a predetermined cell group, of CCs activated by the user terminal; and
a controller which controls uplink transmit power of the user terminal based on the PHR.

10. A radio communication method for a user terminal using a plurality of component carriers (CCs) for communication,
the method comprising:

generating a power headroom report (PHR) including information about a power headroom (PH) for each of

CCs which form a predetermined cell group, of activated CCs; and
transmitting the generated PHR.
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